of cancers, including lung cancer. 4, 5 In our previous analysis of miRNA arrays, we found that miR-4286 level was significantly increased in NSCLC tissues. 6 It has been reported that miR-4286 is a promising marker for diagnosing and identifying prognostic markers, including those in esophageal adenocarcinoma 7, 8 and melanoma, 9 and inhibition of miR-4286 represses cell proliferation. 10 But the role of miR-4286 in NSCLC remains unknown. In current study, we firstly report that miR-4286 is overexpressed in NSCLC tissues and cell lines and exerts important functions in cell proliferation, migration, and invasion of NSCLC. Meanwhile, we made use of computational algorithms to predict its target mRNAs. It was found that miR-4286 binds to the 3′-UTR of phosphatase and tensin homologue deleted on chromosome 10 (PTEN) mRNA. Therefore, miR-4286 may contribute to the progression of lung cancer cells by regulating the expression of PTEN. As a well-known tumor suppressor, PTEN can negatively regulate PI3K/AKT signaling and affect normal lung morphogenesis and the prevention of lung carcinogenesis. 11 A decrease in PTEN expression is a common event and is correlated with poor prognosis in a variety of tumor types. In other cancer types, mutations, chromosomal deletion, and/or Loss of heterozygosity can be frequently observed. Loss of PTEN is also linked with genomic alternations, 12, 13 whereas it is probably attributed to epigenetic silencing in NSCLC. 14, 15 Many studies have reported that PTEN can be regulated by miRNAs involved in cancer progression. 4, [16] [17] [18] [19] [20] Here, our study is to assess the mechanism of miR-4286 in NSCLC tumorigenesis and to find a potential function of miR-4286 in PTEN downregulation in lung carcinogenesis.
| MATERIALS AND METHODS

| Study subjects
From 2009 to 2013, 31 paired frozen NSCLC tissues and adjacent normal lung tissues were obtained from patients in the First Affiliated Hospital of Soochow University. At recruitment, all participants have been offered with the informed consent. Tissue samples were rapidly stored in liquid nitrogen upon collection. Tumor staging was initially determined based on the Revised International System for Staging Lung Cancer. Before sample retrieval， patients were not given chemotherapy or irradiation.
| Cell culture
Six NSCLC cell lines (A549, SPC-A1, H1299, H460, H226, and H1975) were all obtained from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China) and the human bronchial epithelial (HBE) lines were provided by Bogoo Biotechnology (Shanghai, China). The cells were cultured in RPMI 1640 (HyClone, South Logan, UT), supplemented with 10% FBS (Gibco, Carlsbad, CA), 1% Lglutamine, and 1% penicillin-streptomycin (Invitrogen, Carlsbad, CA).
| Transfection
The oligonucleotide sequences for miR-4286 mimics, the miR-4286 inhibitor, and negative controls (NCs) were all purchased by Shanghai GenePharma Company. According to the operator's manual, A549 and H226 cells were plated in 6-well plates and cell transfection was performed using reagent Lipofectamine 2000 (Life Technologies). 
|
| Cell proliferation analysis
Cell proliferation can be measured using the Cell Counting Kit-8 assay kit (CCK-8, Boster, Wuhan, China). A549 and H226 cells were seeded in 6-well plates, and subsequently transfected with miR-NC, miR-4286 inhibitors, or miR-4286 mimics using Lipofectamine 2000. After 48 hours, cells were suspended at 3000 cells per well and then added into 96-well plates. Ten microliter CCK-8 was added to each well and incubated for 2 hours at 37°C. The optical density (OD) was measured at 450 nm and cell viability was assessed at 24, 48, and 72 hours separately. After transfection of miR-4286 mimics and miR-4286 inhibitor, cells were seeded into 60-mm plates and incubated to form colony in culture medium which needs to be refreshed every 3 days. At the end of incubation, 100% methanol and 0.05% crystal violet were used to fix and stain colony, respectively, for 30 minutes. Consequently, the number of macroscopically observable colonies was recorded.
| Wound healing, migration, and invasion assays
We made use of wound healing assay to evaluate the ability of cell migration. Cells were plated into 6-well plates, and after 48 hours transfection, they had formed a monolayer. Gently and slowly scratch the monolayer with a new 10 μL pipette tip across the center of the well, and cells were washed with PBS for two times to remove debris and incubated in fresh medium for an additional 24 hours. The healing process was photographed at 0 and 24 hours with a microscope. For the migration assay, 4 × 104 cells were added to the upper chamber of Transwell plates (BD Biosciences) in the presence of 1% FBS medium and 10% FBS medium was added as chemoattractant in each lower chamber. Then the cells were allowed to adhere in a 37°C, 5% CO2 incubator for 24 hours. In order to accomplish the invasion assay, 5 × 104 cells in serum-free medium were added in the upper chamber of an insert precoated with the Matrigel matrix (BD Science, Sparks, MD). The bottom chambers were filled with 10% FBS. After 24 hours, the cells migrated onto the lower surface of the chamber were fixed with 100% methanol and stained with 1% crystal violet. In both assays, cells were photographed and counted under a light microscope.
| Cell cycle analysis
The effects of miR-4286 on the cell cycle of A549 and H226 cells were examined using Cell Cycle Analysis Kit (Beyotime, Shanghai, China) and fluorescence-activated cell sorting (FACS) Caliber system (Beckman Coulter, Brea, CA). Cells were grown in 6-well plates and transfected with miR-NC and miR-4286 for 48 hours. Then cells were collected and fixed at 4°C in 70% ethanol overnight. Then cells were centrifuged, washed with cold PBS two times, and stained in propidium iodide (PI)/ RNase A mixture. Cells were analyzed by flow cytometry after incubation without light for 30 minutes at room temperature. Overexpression of miR-4286 promotes and underexpression of miR-4286 inhibits not only invasion but also migration of NSCLC cells. Migration of the A549 and H226 cell lines through 8-μM pore transwells was recorded in the setting of transfection with miR-4286 mimics or inhibitor. After that, migrated cells were counted in more than three microscopic fields when they were stained (magnification, ×100). Then, cells were treated as described in the front context and designed for invasion through the Matrigel-coated membrane in the transwells. Cells passing through the membrane were stained and counted with a light microscope. 
| Western blotting
E 3 Overexpression of miR-4286 promotes NSCLC cell proliferation; conversely, underexpression of miR-4286 inhibits NSCLC cell proliferation. (A) The levels of miR-4286 in NSCLC cells transfected with miR-4286 mimics. (B) CCK-8 assay of cell viability in NSCLC cell lines
| Statistical analysis
All results we obtained are presented as the mean ± standard deviation (SD).Statistical comparisons were determined with Student's t test and P < 0.05 was regarded as significant. All statistical analyses were performed with GraphPad Prism 5.0 (GraphPad, San Diego, CA) and SPSS 17.0 software (SPSS, Chicago, IL).
| RESULTS
| miR-4286 expression is upregulated in NSCLC tissues and cell lines
MiRNA array data from our previous study showed that 15 miRNA expressions were significantly upregulated in lung carcinoma compared to normal lung tissues. 6, 21 More specifically, seven miRNAs (miR-183-5p, miR-193b-3p, miR-210, miR-21-5p, miR-224-5p, miR-4286, and miR-96-5p, log2 fold change ≥2.0, P < 0.05) were upregulated ( Figure  1A ). Among these, miR-210 and miR-21-5p have been reported to be significant diagnostic markers in NSCLC. 22, 23 Therefore, we first explored the function of the five miRNAs (miR-193b-3p, miR-96-5p, miR-183-5p, miR-224-5p, and miR-4286) in the A549 cell line using a CCK-8 assay. We found that only overexpression of miR-4286 promoted A549 cell proliferation (Figure 1B-D, P < 0.05). Then, miR-4286 expression in 31 randomly selected paired NSCLC tissues was significantly upregulated in tumor tissues compared to paired noncancerous tissues (Figure 2A ).The expression of miR-4286 among NSCLC has no relationship with age, gender, smoking status, clinical stage, and lymph node metastasis. Importantly, the results showed that miR-4286 was significantly associated with histology. (Table 1) . Moreover, we found that miR-4286 expression was upregulated in six NSCLC cell lines than in 16HBE cells ( Figure 2B ).
| Ectopic overexpression or underexpression of miR-4286 affects NSCLC cell proliferation via cell cycle progression
We overexpressed miR-4286 and underexpressed miR-4286 using miR-4286 mimics and miR-4286 inhibitor separately in A549 and H226 cell lines to explore the function of miR-4286 in NSCLC carcinogenesis. First, the successful overexpression and underexpression of miR-4286 were confirmed by qRT-PCR analysis ( Figure 3A,D) .We used CCK-8 assays and clonogenic assays to observe the function of miR-4286 on cell growth. We observed that NSCLC cells transfected with miR-4286 mimics exhibited significantly Scrambled sequences were assigned to the NC. Relative Renilla luciferase activity was determined and normalized against the firefly luciferase activity accelerated cell proliferation compared with control cells (Figure 3B ), and clonogenic assay showed similar results ( Figure 3C ). By contrast, cell proliferation ability was suppressed by miR-4286 inhibitor ( Figure 3E ). These results were also observed by clonogenic assay ( Figure 3F ).We utilize flow cytometry to analyze the distribution of cell cycle to explore the underlying mechanism of miR-4286 in promoting cell growth. The percentage of cells in the G0/G1 phase was significantly decreased and meanwhile the proportion of cells in the S phase was significantly increased after transfected with miR-4286 mimics (Figure 4A ,B; P < 0.05).
| Abnormal expression of miR-4286 can regulate the migration and invasion abilities of NSCLC cells
In addition to function in cell growth, we also assessed the function of miR-4286 on cell migration and invasion due to either overexpression or underexpression of miR-4286. We calculated that the influence of miR-4286 on migration in A549 and H226 cells by wound healing analysis. As shown in Figure 5A , cells transfected with the miR-4286 mimics showed faster speed toward the scratch than control cells. Similar results were also seen in the transwell assay ( Figure 5B ). In contrast, miR-4286 knockdown after transfected with inhibitors significantly decreased the migrated ability of A549 and H226 cells ( Figure 5C,D) .
| PTEN is a target of miR-4286 through its 3′-UTR binding in NSCLC cells
MiRNAs are critical for attenuating the stability and translation of mRNAs via base pairing to partially complementary sites in the 3′-UTR of their target genes, and they are involved in multiple physiological and pathological processes. First, through a search of publicly available databases (TargetScanHuman: http://www.targe tscan.org/), a complementary sequence of miR-4286 was identified in the 3'-UTR of PTEN ( Figure 6A ). To verify this hypothesis, we constructed the PTEN wild-type (WT) 3'-UTR (containing the miR-4286 matching sequence) and PTEN MUT 3'-UTR (miR-4286 mutated sequence) plasmids and carried out dualluciferase reporter assays in A549 and H226 cells. The data indicated that miR-4286 suppressed the luciferase activity in PTEN wild-type group but not in mutant group ( Figure  6B,C) . Figure 7A ).The results showed that the PTEN levels were lower in the NSCLC cell lines than in the HBE cell line. Then, we examined 31 pair of NSCLC tissues and adjacent normal lung tissues and found that PTEN mRNA expression was downregulated in NSCLC tissues ( Figure 7B ). Considering the small sample size, there was no significant association between miR-4286 expression in NSCLC tissues and clinical characteristics including age, gender, smoking status, clinical stage, histology, and lymph node metastasis (Table 1) .However, after further analysis, we found that 21 NSCLC tissues (67.74%) with a high miR-4286 level also presented low expression of PTEN mRNA ( Figure 7C) . Collectively, our data show that PTEN is remarkably downregulated in NSCLC tissues and cell lines.
| PI3K/AKT signaling contributes to the miR-4286-mediated malignant phenotype of NSCLC cells
PTEN functions as a well-known tumor suppressor, which negatively regulates PI3K/AKT signaling. First, we induced overexpression or underexpression of miR-4286 using miR-4286 mimics or inhibitors and then determined the level of PTEN in cells ( Figure 8A,B) . Notably, ectopic miR-4286 expression using mimics in A549 and H226 cells remarkably decreased PTEN expression, displaying enhanced phosphorylation of AKT ( Figure 8C ), whereas knockdown of miR-4286 using inhibitors in A549 and H226 cells robustly suppressed phosphorylation of AKT ( Figure 8D ).Our results indicated that miR-4286 indeed activated the PI3K/AKT pathway. 
| DISCUSSION
Recently, several studies have profiled miRNA expression directly in lung cancers, and unique groups of miRNAs have been identified that either characterize neoplastic tissues or identify patients with poor prognosis. 6, 19, 26 Our previous study indicated that miR-4286 is significantly increased in NSCLC based on miRNA arrays, 6 and similar results were observed in esophageal carcinoma and melanoma. [7] [8] [9] A recent study suggested that overexpression of miR-4286 may promote the development of esophageal carcinoma through JAK2/STAT3 pathway activation by targeting INPP4A. 27 However, the mechanism of miR-4286 in NSCLC remains unknown. In this study, we first explored the function of miR-4286 in NSCLC and found that ectopic overexpression or underexpression of miR-4286 is involved in NSCLC cell proliferation, colony formation, invasion, and migration. Our results revealed that miR-4286 may function as an oncogene in NSCLC development. Loss of PTEN expression is observed in a variety of tumor types, including lung cancer. However, the mechanism by which PTEN expression is regulated in NSCLC remains unclear. Although mutation of PTEN is an infrequent event, PTEN protein expression is frequently decreased or absent in lung cancer. 12 Recent evidence suggests that miRNAs are related with the regulation of PTEN in cancer progression, [13] [14] [15] [16] [17] including lung cancer. 4, [28] [29] [30] [31] Furthermore, several studies suggest that miRNA-mediated downregulation of PTEN might lead to new therapeutic strategies for NSCLC. [32] [33] [34] In this study, using bioinformatics and luciferase assays, we first found that PTEN is a target gene of miR-4286. Then, we examined the mRNA expression of PTEN in NSCLC tissues and normal lung tissues from 31 NSCLC patients and found that 21 NSCLC tissues (67.74%) had a high miR-4286 level while presenting low PTEN mRNA expression ( Figure  7C ). Moreover, the expression of miR-4286 in tissues from NSCLC patients with lymph node metastasis was significantly higher than that in tissues from NSCLC patients without lymph node metastasis. Therefore, our findings revealed the mechanistic interaction between miR-4286 and PTEN in NSCLC carcinogenesis. PTEN is a well-known tumor suppressor that negatively regulates PI3K/AKT signaling in lung cancer. Therefore, we induced overexpression or underexpression of miR-4286 in NSCLC cells to examine the effects of miR-4286 on the PTEN/PI3K/AKT axis. Our results indicated that miR-4286 indeed activated the PI3K/AKT pathway. In conclusion, this is the first time for us to confirm that miR-4286 expression is upregulated in NSCLC and related with PTEN expression negatively. What's more, we found that miR-4286 functions as oncogene in NSCLC by directly targeting 3'-UTR of PTEN to attenuate the expression of PTEN, repressing NSCLC cell proliferation and mobility. So, the results from our study provide evidence on the association between miR-4286 and PTEN in NSCLC carcinogenesis. This miR-4286-mediated upregulation of PTEN might provide a novel approach for the treatment of NSCLC.
